Tripp Shealy is an assistant professor in the Charles E. Via, Jr. Department of Civil and Environmental Engineering and principal faculty member in the Myers-Lawson School of Construction at Virginia Tech. He received his doctorate from Clemson University. His research is broadly focuses on judgment and decision making for sustainable infrastructure. This includes education for sustainability, specifically, how student understanding and attitude towards climate change effects their motivations and agency to solve complex global problems for a sustainability in their career. The United Nation's Sustainable Development Goals state climate change could irreversibly affect future generations and is one of the most urgent issues facing society. To date, most education research on climate change examines middle and high school students' knowledge without considering the link between understanding and interest to address such issues in their career. In research on students' attitudes about sustainability, we found that half of first-year college engineering students, in our nationally representative sample of all college students at 4-year institutions (n = 937), do not believe climate change is caused by humans. This lack of belief in human-caused climate change is a significant problem in engineering education because our results also indicate engineering students who do not believe in human caused climate change are less likely to want to address climate change in their careers. This dismal finding highlights a need for improving student understanding and attitudes toward climate change in order to produce engineers prepared and interested in solving complex global problems in sustainability. To advance understanding about students' understanding of climate change and their agency to address the issue, we developed the CLIMATE survey to measure senior undergraduate engineering students' Climate change literacy, engineering identity, career motivations, and agency through engineering. The survey was designed for students in their final senior design, or capstone course, just prior to entering the workforce. We developed the survey using prior national surveys and newly written questions categorized into six sections: (1) career goals and motivation, (2) college experiences, (3) agency, (4) climate literacy, (5) people and the planet, and (6) demographic information. We conducted focus groups with students to establish face and content validity of the survey. We collected pilot data with 200 engineering students in upper-level engineering courses to provide validity evidence for the use of these survey items to measure students and track changes across the undergraduate curriculum for our future work. In this paper, we narrate the development of the survey supported by literature and outline the next step for further validation and distribution on a national scale. Our intent is to receive feedback and input about the questions being asked and the CLIMATE instrument. Our objective is to share the nationally representative non-identifiable responses (the estimated goal is 4,000 responses) openly with education researchers interested in students understanding about climate change, their engineering identity, career motivations, and agency through engineering. Ultimately, we want this research to become a catalyst for teaching about topics related to climate change in engineering and its implications for sustainability.
Introduction
The United Nation's Sustainable Development Goals state climate change could irreversibly affect future generations and is one of the most urgent issues facing society (United Nations, 2015) . Results of climate change are likely to include a reduction of global food production and water supplies, sea level rise, and ocean acidification (Karl, 2009 ). Engineers will play a critical role in solving these challenges. For example, manufacturing processes can reduce greenhouse emissions by developing closed-cycle loops that reduce waste (Clark, 2007) , stronger materials to combat roadway buckling from increased temperatures, washouts from precipitation, and settling from thawing permafrost (Potential Impacts of Climate Change on U.S. Transportation, 2008) .
Education about climate change in engineering should represent these dynamic challenges with implications spanning communities, environment, and economies (The Climate Change Educational Partnership, 2014) . Engineers exposed to these types of problems through education are more likely to want to address these issues in their career (Klotz et al., 2014; Shealy et al., 2015) . Although, there is little research to assess if engineering students are ready to address such challenges in their career. This is a major shortfall for a workforce who will be charged with solving such important societal challenges.
To help advance understanding, we developed a survey instrument to measure undergraduate engineering students' climate change literacy, their engineering identity, career motivations, and agency to address sustainability through engineering just prior to them entering the workforce. To develop the survey, this research builds on critical engineering agency theory in which students' learning and interest are enhanced when they see an opportunity to make change in their world. The survey was developed using previous studies about climate literacy, meaning students' understanding of the essential principles of Earth's climate system, recognition of scientifically credible information about climate science, and their ability to make informed decisions with regard to actions that may effect Earth's climate (NOAA, 2009; Wibeck, 2014) .
The paper begins with a review of misconceptions about climate change and outlines critical engineering agency as our theoretical framework. Followed by, defining the broad research objectives, in which this survey development is the first step. The purpose here is to receive feedback about the survey's questions and its development. Ultimately, we want the survey and our collected nationally representative data to be useful to other researchers. So, this is an opportunity to add additional questions to include of interest to engineering education related to climate change and engineering for sustainability. We provide a narrative about how the survey was developed and supporting literature for each section of the survey and the initial validity tests. Though, more validity of the instrument including psychometric statistical analyses, correlation matrices of theoretically related items for construct validity, and empirically testing the factor structure using maximum likelihood exploratory factor analysis are planned in the coming months. The paper ends with future research steps including validation and distribution across universities in the United States. As mentioned earlier, the hope is that others are able to use and adapt the survey instrument and its supportive literature. While, our goal is specific to measure senior engineer students, the survey could be adapted for recently graduated students early in their professional career.
Background

Misconceptions about Climate Change
Human influence on the climate system is unequivocal (Stocker et al., 2013 ), yet only half of Americans believe in human-caused climate change (Leiserowitz et al., 2012) and even fewer can explain the possible global health implications (Leiserowitz et al., 2012 ). An even lower belief rate than the general public, only three out of ten professional engineers (n = 1077) believe climate change will cause significant public risk (Lefsrud & Meyer, 2012) .
One reason for these misconceptions is a lack of education about the impact of climate change. Climate science is not well-understood by middle and high school students in the U.S. highlighting the gap in students' understanding of the pressing issues and scientific support of this problem (Gambro & Switzky, 1996; McNeill & Vaughn, 2010; Shepardson et al., 2010) . For example, some middle school students believe climate change is associated with ozone depletion and causes skin cancer (Andersson & Wallin, 2000) . Similar aged students said pro-environmental behavior like not littering is appropriately taking action to prevent climate change (Boyes & Stanisstreet, 1993; Shepardson et al., 2009) . Later on in their academic careers, high school students were shown to hold overly simplistic conceptual models of the earth's climate system without considering geographical variations. In interviews, these students described the anticipated effect of climate change on wild animals and plants but could not recognize the impact on agriculture crops and livestock (Shepardson et al., 2010) . These misconceptions are also evident in first-year college students. From a prior national study, more than half of students intending to major in engineering do not believe in climate change (Shealy et al., 2016) .
Suggested educational interventions to address these significant misconceptions are widespread (Anderson, 2010) and studies in classroom (Pruneau et al., 2010) and other environments (Sellmann, 2014) have examined whether specific educational interventions can lead to improved understanding of climate change. However, just knowing about climate change does not guarantee action to address climate change (Skamp et al., 2013) . Students must perceive they can bring about change using their own skills and abilities. Their priorities, shaped by their values and attitude, must align with motivation for action to occur (Kollmuss & Agyeman, 2002) . The formation of engineers during undergraduate engineering programs is an opportunity to correct conceptions about climate change and help students develop their abilities for career opportunities to solve engineering problems that mitigate climate change and its implications for sustainability.
Critical Engineering Agency
Agency refers to an individual's ability to shape the world around them both in their everyday actions (e.g., replacing inefficient lighting in their homes) and in their broader goals (e.g., pursuing a career in the design of more energy-efficient commercial buildings) (Basu & Barton, 2009 ). Thus, agency in a subject area, in this case, engineering, is directly related to developing students' belief that they can take action to reduce climate change and its implications for sustainability.
Critical engineering agency uses multiple subject-related identities along with students' agency beliefs to examine how students see themselves as a powerful thinker and doer of a particular subject (identity), in this case, engineering, and how they view the world with a critical mindset to advance the world as a more equitable place (agency beliefs) (Basu et al., 2008) . This framework has been adapted from a physics context and translated to explore engineering students' identity development with engineering, a deepening understanding of engineering, and viewing engineering as a way to advance their world (Godwin, 2016a; Godwin et al., 2013; Godwin et al., 2013 Godwin et al., , 2016 . This theoretical framework is particularly well-suited to examine our research question of how students' experiences impact engineering identity, conceptual models of climate change, and agency to address these issues in their future careers.
Part of critical engineering agency is also learning to analyze engineering, and the world, critically as well as becoming familiar with the tools and practices of their field (e.g., learning to "do" engineering). The development of such perspectives may lend to an individual's growing professional identity and attachment to their practice as an engineer. So, identity encompasses a set of self-beliefs held by an individual in relation to their perceptions of a specific role; for example, that of a good chemical engineer. To measure engineering role identity, an individual's identity is composed of their beliefs in three sub-domains: their interest in engineering, their self-beliefs about the recognition that they receive from others in the role of an engineer, their perceived performance/competence in understanding and successfully carrying out the tasks related to engineering (Brickhouse et al., 2000; Hazari et al., 2010; Johnson et al., 2011) . For students entering engineering in college, physics and math identities, along with agency beliefs were found to predict choice engineering careers over other STEM career choices (Godwin, 2016b; Potvin et al., 2013) .These three aspects of students' role identities as engineers can be used to better understand how identity, along with agency, are developed during the undergraduate experience and impact students' desire to address climate change in their careers.
Research Question
The guiding question is how do engineering students develop critical engineering agency and beliefs in college to address climate change in their careers. In response to the research question, the general objective is to investigate engineering students' conception of climate change, if students' engineering agency is informed by their beliefs about climate change, and they see opportunities to address climate change and related topics for sustainability in their careers through their undergraduate experiences.
Survey development is the first step towards answering these research questions. In the following sections, we explain how the survey was developed, building from and merging of previous surveys and literature about engineering agency, climate change literacy, and sustainability. Again, the purpose of this paper is to outline the methods for survey development and open an opportunity for discussion within the engineering education community about the survey instrument questions and sections. The subsequent step is for survey validation and distribution. The expectation is to distribute the survey to over 40 universities and collect more than 4000 student responses. We will make non-identifiable data available to others interested in answering questions about students' agency, climate literacy, or sustainability just prior to entering the workforce.
Survey Development
The purpose of the survey is to identify quantitative relationships between undergraduate engineering seniors' understanding of climate change, how this develops critical engineering agency to address these topics, and translates to career plans. To develop the survey, we drew from existing knowledge on topics including belief about climate change (Leiserowitz et al., 2012) , engineering course content and standards (ABET, 2013; Allenby et al., 2009 ), sustainability (Davidson et al., 2007 Huntzinger et al., 2007; Mihelcic et al., 2006) , critical engineering agency (Godwin et al., 2013; McNeill & Vaughn, 2010) , and career choice (Hazari et al., 2010; Kaminsky et al., 2012; Shealy et al., 2015) . The survey was model on prior national surveys such as Sustainability and Gender in Engineering (Klotz et al., 2010) , the Yale Project on Climate Change Communication (Leiserowitz et al., 2012; Leiserowitz et al., 2010) and the climate literacy survey from Clarkson University (DeWaters et al., 2012) . The survey includes anchored, numerical, multiple choices, and categorical questions divided into six sections: (1) career goals, (2) college experiences, (3) about you, (4) climate science, (5) people and the planet, and (6) demographic information. Questions included in each section are described further with supporting literature.
Section 1: Career goals
Our survey tests the extent to which these influencing factors impact students' career expectations and motivations. Questions in this category include job characteristics like the importance of making money, having personal/family time, solving societal problems, etc. Students may begin college in an engineering major with expectations or beliefs about their career options. Questions will investigate how these expectations and beliefs change from freshman to senior year. Do engineering students recognize more or fewer opportunities? And do these opportunities include addressing climate change and, more broadly, sustainability in their careers.
Section 2: College experiences
This section includes exposure and frequency to problems related to climate change and sustainability in formal class settings. As well as variables about college organizations, clubs, and also, informal learning, such as participation in competition teams, service learning, and internships. The methods used to teach about topics and student perceptions of climate and sustainability education are also included. These questions are modeled from previous surveys (Watson et al., 2013) to include whether topics related to sustainability were covered in their previous classes.
Section 3: About you (agency)
The questions are based on leading organizations regarding engineers' role in climate change and its implications for sustainability (NAE, 2005; National Academy of Engineering, 2008; National Research Council, 2010 ). Questions gauge students' level of understanding of their roles as engineers (identity) and their empowerment to make change within the world (agency). Some of these questions combine into a pair of measures of agency using factor analysis: global engineering agency (beliefs in the ability of engineering to change the world in a global sense) and personal engineering agency (beliefs engineering to change one's life). These combinations of questions and agency follow previous study findings (Godwin, 2016b; Godwin et al., 2013) . We will build on these to identify if students within engineering sub-disciplines are more or less distinct in their identity and feeling of empowerment.
Section 4: Climate science
Both global warming and climate change are used within the survey, though these terms are not the same. Global warming refers to the increase in Earth's near-surface air and ocean temperatures (Hall et al., 2013) . It only describes the increase in global average not fluctuation in local temperatures. Global warming comes from the increase in greenhouse gases, which make it difficult for long wave radiation to pass through the atmosphere (United States Global Change Research Program, 2009). Climate change is how regions around the globe respond to global average temperature increase. The changes may include the water cycle, ice cover on land and in the polar oceans (Hall et al., 2013) . Climate change means more than just a change in temperature but a change in global weather patterns, which could affect precipitation averages and extreme events. The effects of climate change to ecology, sea level rise, ocean circulations and societal impacts are defined as the global change and are typically measured by the disruption in the expected climate or ecology.
Students' conception of both global warming and climate change, including their understanding of natural variability, human activities, and earth's systems. These questions also investigate engineering students' recognition of the global variability. The section covers essential climate science, weather, and knowledge about climate research. More specifically, the section about essential climate science probes students' understanding of the principles of climate, their ability to connect greenhouse effect with emissions and to differentiate between natural warming cycles and human caused cycles.
Section 5: People and the planet
This section includes questions about students' understanding of climate change, implications for themselves, their family, community, and others. Questions ask whether global warming is an engineering issue, how to best solve the issue, what actions should be taken, whether or not they believe they can make a difference, and what sources of information influence their opinions about climate change the most. The questions were modeled from prior national surveys such as the Yale Project on Climate Change Communication (Leiserowitz et al., 2012; A. Leiserowitz et al., 2010) and the climate literacy survey from Clarkson University (DeWaters et al., 2012) .
Section 6: Demographic information
We considered gender, race, ethnicity, parental education, and academic background (e.g. grades), and political affiliation. Gender was considered because males are more likely than females to report climate change denial (McCright, 2010; McCright & Dunlap, 2011) . Races were considered because previous research suggests that both hispanics and blacks are more concerned about climate change (Enten, 2014; Krogstad, 2015) than whites. Although, additional studies found only a higher percentage of people concerned about climate change when grouped as minority groups (Schuldt & Pearson, 2016) . Academic performance was considered because knowledge is a driver of concern about climate change, even when values are controlled (Shi et al., 2016) . Political affiliation is also a highly correlated variable for the general population about climate change belief (Hornsey et al., 2016) . Though, concern about climate change increases with education among Democrats, but decreases with education among Republicans
Survey validation and distribution
! !
Ultimately the plan is to collect data through a national survey and advanced statistical techniques for analysis. This study is the first of its kind to explore how experiences in college impact students' sustainability beliefs. While this approach can provide generalizable trends about what happens during college and how it affects students' self-beliefs and long-term goals, it cannot provide causal information. Though it can give powerful information about the most influential experiences on students' attitudes at the end of college through multilevel models and effect size calculations.
We have currently conducted focus groups with students and STEM education experts to establish face and content validity of the survey. Also, we are currently pilot testing the survey with 200 students to establish evidence for reliability and validity conducting a test-retest study, allowing a twoweek delay between administrations. The final step, will be a psychometric analysis of the survey for validity of latent constructs including calculating Cronbach's alpha, correlation matrices, and exploratory factor analysis. The current version of the survey is provided in the appendix of the paper.
Conclusion
Engineers play a vital role in developing more robust systems to address climate change. For example, manufacturing processes can reduce greenhouse emissions by developing closed-cycle loops that reduce waste (Clark, 2007) , and stronger materials are needed to combat roadway buckling from increased temperatures, washouts from precipitation, and settling from thawing permafrost (Potential Impacts of Climate Change on U.S. Transportation, 2008) . As the population continues to grow and place demands on the current environment, engineers are an essential part of solving the effects of climate change and must not only be aware of the issues related to this phenomena but empowered to make change to reduce and shift the impact of humans on the planet.
Education about climate change in engineering should represent these dynamic challenges with sustainability implications spanning communities, environment, and economies (The Climate Change Educational Partnership, 2014) . Based on prior work we expect to identify strong relationships between students' college experience and critical engineering agency. When topics related to sustainability are included in these settings we expect to find an increase in student willingness to take action on climate change (McNeill & Vaughn, 2010) . Peers are also likely to influence ones' own beliefs. We expect classroom pedagogy, for example, including opportunities for peer discussions to enhance engineering students' connection to understanding of global implications for sustainability. Out-of-classroom experiences including extracurricular activities and internships to strongly influence student learning outcomes. Positive experiences related to engineering (e.g., a community service project or an enjoyable internship) may lead to strong identity within engineering and shape student attitude that engineering can make an impact in their world and lead to a desire to solve climate and sustainability-related challenges in their career.
College experiences that strengthening the relationship between awareness of climate change and action to address its implications for sustainability will further develop the "T-shaped" engineer (i.e., engineers with both broad knowledge and deep technical expertise) and increase the number of U.S. educated students ready to tackle complex socio-technical challenges of national importance. This type of education closely fits the recommendations of leading organizations including the American Society for Engineering Education (ASEE, 1999) , the National Academies of Engineering (NAE, 2005) , the Environmental Protection Agency (EPA, 2007) , and ABET (ABET, 2013) . Knowing which experiences empower students to want to address climate change and its related issues will help U.S. educators attract and retain more students to the engineering profession. Training students to meet these challenges will provide a competitive advantage of U.S. engineering workforce over a growing population of lower-priced competitors with more narrow technical backgrounds (Friedman, 2008; Pink, 2005) .
Our long-term vision is that this research becomes a catalyst for teaching about topics related to climate change and its implications for sustainability. Teaching will support students' critical engineering agency (e.g., empowerment and identity in engineering contexts) and beliefs about sustainability. Students' agency and beliefs may influence their career choice and expected career outcomes. As a result, we hypothesize that more engineering students will pursue careers to solve societal challenges that mitigate and prepare for climate change and its global implications for sustainability. Attached below is the survey instrument developed and currently undergoing validating and reliability testing. 
CLIMATE Survey
Climate change literacy, engineering identity, career motivation, and student agency through engineering
This project is funded by the National Science Foundation, grant number NSF 1635534.
Informational Regarding Participation
We are interested in your experiences through engineering that inform your understanding about climate change, your identity as an engineer, motivation for your future career, and agency as an engineer. By filling out this questionnaire, you will help us find ways to improve engineering education for future students. Please make your best estimate for each item and answer as many questions as possible. There are no right or wrong answers, just do your best. Some questions will not apply to your experiences and can be left blank (e.g. questions about a course you have not taken). Please note:
• You must be 18 years or older to participate.
• The survey will take approximately 20 minutes to complete.
• Participation is voluntary. You may withdraw at any time.
• Participation will NOT impact your grade in this course in any way.
• You will be asked for contact information (email) in case we want to follow-up on some of your survey responses. This information is voluntary and will not be shared with any third party. Thank you for your time and insight.
To protect your privacy, your name will NOT be mentioned in our study. 
2.! How likely is it that you will enter one of the following sectors?
Not at all likely -0 1 2 3 4 -Extremely likely 
